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SuperCDMSNOLAB HVeV

SuperCDMS SNOLAB detectors (iZIP, HV) and HVeV detectors are all cryogenic crystal
detectors, operating at ~10 mk

AThe mass of each detector is 1.39 (0.61) kg |AHVeVdetectors have a
for Ge (SI) gram scale mass

AOptimized for detecting nuclear recoil signals |AOptimized for detecting

ASensitive toGeV dark matter particles electr.o.n recoll signals
- - T .| ASensitive to sub GeV

dark matter particles
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HVeVdetector calorimetric detector

Absorber
i Photon
AThe HVeVabsorber is made o
of a 1- gram silicon crystal Weak
. Absorberpy | hermal
TES transition edge sensor ~— Link
ATES is made of tungsten, and m
IS biased In its transition. =
Absorber in thermal bath TES resistance and
at around 10 mK temperature relation
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HVeVdetector

TES

AWhen a DM particle deposits
energy in the absorber, its energy
IS collected by the TES.

ATES changes its temperature and '
resistance. |

ATES resistance is monitored by a
continuous read- out system.

.............

HVeV detector

absorber

cryostat
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A NEXUSiis|located 107
meter undergrounds!

A The rock overburnden
shields fromm cosmic: ray,
radiation; reducing thee
background:.

A Dark matterrparticless

can pass through rocks;

and be detected!.

Northwestern

EXDF rim L"."‘t'::"

@Fermilab

—

‘{3 ..,l4 Lﬂ

Itl'”
1)

— 14 DiIution fridge: =
DD generator around 10 mk
which can emit ' : -

2.5 MeV neutrons

—e

. ..‘7‘. ." F ;"
E‘k e :.“ |
E\ '\" A ‘ "

NEXUS - A CryGeeriy Dejecion Faciiiny in the NuMi Near Detector Hall

% Fermilab @ ENERGY |22



L] TTL trigger OF trigger M DBaseline

Ultra sensitive performanc -

\
) Connts

é o _ I\ | E[]E‘l‘,‘.‘:‘ln' [eV] l
) 1L_qu'f-’ " A
AHVeV detectors have single electron 1 e T
hole pair sensitivity and a3 eV energy .| [l . | Wl L. 00, , ),
resolution.  Energy [eV] |
3 eV energy resolution from first electron hole pair
AWith a laser and a®5Fe source, the peak PRD.104.032010
detector energy response can be C R e TRdeay

calibrated from a few tens of eV up to
hundreds of keV.

MF integral [arb. units]

4

e aaen T, AR '| |

Res. [%]

— 10F T
Total phonon energy [eV]

6/22/2022 SuperCbMS Hvev Energy calibration range, PRD.104.032010



Run2 Notice burst
events

What are burst events?
A A large population of events with more than
one pulse closely packed in time.

Run2 detector

~— Raw trace Filtered Threshold

Aln HVeV Run2, we used a detector
mounted with PCBs Printed Circuit
Boards

ADuring data analysis, we saw many burst
events. The existence of burst events
significantly decreased the sensitivity of
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this detector to dark matter
Example of burst events AWe theorized that the origin of burst
arXiv:2204.08038 [hepeX]

events Is luminescence from the PCBs.

6/22/2022 SuperCDMS HVeV 9



Run3 Further investigation

How can we know If our
assumption is correct? Det 1 Det3 Det4

Alf we put the first 2
detectors next to each othel

—— Det 1: 100V |

while the 39 one is far from 04 — Detztoov
the first 2 detectors. _ o3| addiaad)
AThere should be coincident = 02 WMM |
trigger bursts in detector 1 S o e _

and 2 while there is less
correlation between
detector 2 and 3.

What is the result?

AThe burst events have an
external origin and can be
detected by multiple Detectors position
detectors. (detector 4 was characterized by

larger noise and was not operated)
SuperCDMSHVeV
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HVe\- R3 burst coincidence
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Run4 solve the problem

How to remove burst events?

Aln Run4, we replaced the PCB with a
copper holder. Thus, we removed the
burst events.

Better results will be coming soon.

AWe acquired new blinded data this
Spring. Latest dark matter detection
result will be released soon.

Front side ofHVeVdetectors in a copper box
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Conclusion

AHVeV detectors are a X gram silicon cryogenic calorimeter, with
around ~3 eV energy resolution.

ATheHVeV program is operating in the NEXUS facilityat Fermilab.

AWe got a great improvement by replacing PCB by a copper
holder.

ANew experiment data will be released soon.



